Twenty-seven Holstein cows were fed total mixed rations (TMR) supplemented with protected palm fat (PPF), rapeseed cake (RC) or extruded soyabean (ESB) for 14 weeks. Feed intake and milk yield were recorded. Samples of milk were taken weekly and analysed. Jugular blood was taken three times two hours after feeding. Cows of the PPF group consumed significantly less feed and produced more milk than cows of the RC and ESB groups (32.9, 31.7 and 30.7 kg fat-corrected milk/d, respectively). Milk fat from cows fed diets supplemented with RC and ESB contained more stearic, vaccenic and conjugated linoleic acids, and less palmitic acid than milk fat of cows fed the PPF diet (P<0.05). The content of polyunsaturated fatty acids (PUFA) in milk fat of cows fed ESB was higher, and the atherogenicity of its fatty acids, lower than in milk fat of other cows. This was, however, accompanied by lower oxidative stability of milk fat. Supplementation of TMR with RC increased the spreadability index of manufactured butter (P<0.025). Both milk and blood urea concentrations were significantly lower for cows fed the ESB diet. This suggests that crude protein in this diet was less degradable than in other diets. Body weights of cows on diets RC and ESB increased by 11.3 and 15.6 kg, respectively, whereas the body weight of cows on the PPF diet decreased by 1.7 kg, on average. It can be concluded that feeding oilseed-based supplements to dairy cows decreased milk yield and milk production efficiency somewhat, but improved the nutritional quality of milk fat.
INTRODUCTION
Recent research has focused on dietary modification of milk fat to achieve better nutritional quality, particularly by increasing the unsaturated fatty acid (UFA) concentration, adjusting the n-6/n-3 ratio of polyunsaturated fatty acids (PUFA), and increasing the conjugated linoleic acid (CLA) content. Supplementation of diets for dairy cows with oilseeds represents a means by which the milk-fat fatty acid (FA) profile may be modified. Oilseeds seem to be a better alternative than the corresponding refined oils, as seeds also contain valuable protein and the seed coat provides partial protection of UFA from ruminal biohydrogenation. In recent years, rapeseed in the form of meal or cakes with varying fat contents has become a common component of dairy cow diets. Soyabean is frequently fed to dairy cows as well. The lipids of rapeseed and soyabean are highly unsaturated, with oleic and linoleic acids as the principal components, respectively (Chouinard et al., 1997; McNamee et al., 2002) . Feeding diets containing thermally treated whole soyabean offers some advantages over non-treated soyabean. Extrusion of whole soyabean decreases protein degradation in the rumen and increases amino acid flow to the duodenum. Consequently, more amino acids are absorbed in the intestine (Stern et al., 1985) . Other oilseeds used in the feeding of a dairy cow include linseed, sunflower seed and lupine seed (review by Chilliard and Ferlay, 2004) .
The purpose of the present experiment was to compare the effect of including rapeseed cake and extruded soyabean on the performance of high-yielding dairy cows, and on the composition of milk. Dairy products provide a significant part of the overall saturated fat consumed by man. This fact makes them the preferential target of criticism by dieticians. Thus, attention has been focused on the effects of dietary treatments on those parameters of milk fat composition related to human health. Contemporary analytical techniques allow identifying and quantifying tens of FA. To simplify evaluation of results, several indexes summarizing various effects of different FA were calculated.
MATERIAL AND METHODS

Animals and diets
Twenty-seven multiparous Holstein cows, 38-45 days postpartum were assigned to one of three total mixed rations (TMR) on the basis of daily milk yield, body weight (609 kg on average) and days in milking. The rations were formulated to be almost isonitrogenous and equal in energy content. The TMR contained the same amounts of silaged maize cobs, lucerne and sugar beet pulp, lucerne hay and brewery grain, but different amounts of maize (grain), ground wheat and extracted soyabean meal (Table 1 ). The first TMR was supplemented , which is protected palm fat (PPF) produced by Agro-Best Ltd. Běstovice (Czech Republic). Megalac TM consists of calcium salts of fatty acids. The product contains fat and Ca at 76 and 9%, respectively. The second TMR was supplemented with rapeseed cake (RC) containing 15.9% crude fat, and the third TMR, with soyabean, extruded at 130°C, containing 19.3% crude fat (ESB). The principal fatty acids in these supplements are palmitic, oleic, and linoleic acids, respectively. The animals were housed in a free-stall barn and fed using the INSENTEC system for individual roughage intake control by Insentec B.V. (Marknesse, Holland). Cows were fed ad libitum. The experiment lasted 14 weeks.
Sampling and measurements
Feed intake was recorded electronically. Samples of feeds were taken once a fortnight. Milk production was recorded at each of two milkings daily. Samples of milk were taken weekly, i.e. 14 milk samples per cow were obtained. Milk was treated with Broad Spectrum Microtabs ® II preservative (D & F Control Systems Inc., Son Ramon, USA). Blood was sampled three times in the course of the experiment, on days 82, 110, and 131 of lactation, two hours after the morning feeding. Cows were weighed in two-week intervals.
Analyses
Feeds were oven-dried at 105°C to a constant weight. Protein and fat concentrations were determined employing a Kjeltec Auto 1030 Analyser and a Soxtec 1043 from Tecator Comp. (Sweden), respectively. Fibre fractions were determined according to Van Soest et al. (1991) using a Fibertec 2010 from the same company. Calcium and phosphorus in feeds were determined by atomic absorption spectrometry using a Perkin Elmer 5000 instrument and a molybdovanadate reagent, respectively, after ashing of dry samples. Milk fat, crude protein and lactose were determined in a commercial laboratory using a Bentley 2500 analyser (Bentley Instruments Inc., Chaska, USA). Milk urea was assayed colorimetrically, after reaction with p-dimethylaminobenzaldehyde (Gajdůšek et al., 1996) .
Lipids from feeds were extracted with a mixture of chloroform and methanol (2:1). The solvent was evaporated under vacuum. Milk fat was extracted with diethylether and petrolether (1:1), according to ISO 1211. Alkaline transmethylation of fatty acids present in extracts was carried out according to ISO 5509. Gas chromatographic analysis of the methyl esters was performed using a Hewlett-Packard 5890 gas chromatograph equipped with a programmed 60 m HP-Innowa capillary column (180-240°C) and a FI detector.
Calculations
The index of atherogenicity was calculated according to the following equation (Chilliard and Ferlay, 2004) : AI = (C 12 + 4 × C 14 + C 16) / sum of UFA The index of peroxidisability (indicator of oxidative stability) was calculated according to Castellini et al. (2000) : PI = 0.025 × Mono + Di + 2 × Tri + 4×Tetra + 6 × Penta + 8× Hexa where Mono, Di, Tri, Tetra, Penta and Hexa represent weight percentages of monoenoic, dienoic, trienoic, tetraenoic, pentaenoic and hexaenoic FA, respectively. The index of desaturation was calculated using equation of Chilliard and Ferlay (2004) : DI = C18:1 n 9 c / (C18:0 + C18:1 n 9 c)
The index of spreadability of manufactured butter was calculated according to Timmen (1990) : SI = C 18:1 n 9 c / C 16:0 Data were statistically analysed by one-way analysis of variance using the GLM procedure of SAS, version 8.2 (SAS Institute, Cary, NC, USA). In the case of a significant difference (P<0.05) groups were compared by Tukey's test. Some extreme values were excluded on the basis of Dixon's test.
RESULTS
The nutrient composition of diets is shown in Table 1 . All diets were similar in their contents of crude protein, fat, ADF and energy. The NDF content was Table 2 ). The intake of dry matter was significantly lower in cows on diet PPF (P<0.01) than in cows of other groups (Table 3) . Consequently, also intake of nutrients (except Ca) was lower in PPF-fed cows. These cows decreased their body weight by 1.7 kg, on average, whereas cows in groups RC and ESB gained 11.7 and 15.6 kg, respectively, in the course of the trial. Nonetheless, the yield of fat-corrected milk and the concentration of milk fat were higher in PPF-fed cows than in the other cows: significantly in comparison with cows fed ESB (P<0.05) and in tendency with those fed RC. Milk urea was significantly lower in cows fed ESB than in cows fed PPF and RC (P<0.01). Also blood urea was lower in these cows than in ones fed diets with PPF and RC: 196 mg N/l vs 231 and 237 mg N/l (P<0.025). Other blood parameters were not significantly affected. Table 4 presents data on the FA pattern of milk fat. Milk fat from cows fed diets supplemented with RC and EEC contained more stearic acid, vaccenic acid and CLA, and less palmitic acid than milk fat of cows fed the diet with PPF (P<0.05). The PUFA concentrations were higher in the milk fat of cows fed ESB than in other cows. The atherogenicity of milk fat FA of the former cows was lower, and their peroxidisability, higher in comparison with the FA of cows fed PPF and RC. Supplementation of TMR with RC significantly increased the spreadability index by 26.9% against the control (P<0.025). 
DISCUSSION
Dietary supplementation with RC and ESB improved the FA profile of milk fat of high-yielding cows. Inclusion of RC and ESB into TMR led to a higher proportion of total PUFA of the n-3 series, CLA, and its precursor, vaccenic acid. The effect of ESB on total PUFA, PUFA n-3 and CLA concentrations was more pronounced than that of RC. Our findings are in agreement with the data of other authors. Strzetelski et al. (1998 ), McNamee et al. (2002 and Givens et al. (2003) reported that feeding cows with rapeseed significantly enhanced the oleic and stearic acid contents in milk fat at the expense of C8 to C16 saturated FA. Similarly, Nowak and Potkański (2000) reported that feeding rolled rapeseed increased the concentration of oleic acid in milk fat at the expense of short-and medium-chain FA, i.e. FA predominantly synthesized in the mammary gland. Schauff et al. (1992) observed that supplementation of a diet for dairy cows with whole soyabean increased the percentages of long-chain FA in milk fat, whereas the percentages of short-chain and medium-chain FA were lower. Feed intake, milk yield, and yield of the main milk constituents were not affected.
The beneficial effects of CLA are very well known (review by Belury, 2002) . The major CLA, cis-9, trans-11 CLA, is synthesized either in the rumen as an intermediate in the biohydrogenation of linoleic and linolenic acids, or in the mammary gland from vaccenic acid by Δ9-desaturase. Human tissues also have a Δ9-desaturase activity and convert vaccenic acid into CLA (Salminen et al., 1998) . The increased concentration of vaccenic acid in milk fat may thus be beneficial for human health, despite its belonging to trans-FA, which are harmful to human health (Stender and Dyerberg, 2004) . Positive effects of feeding oilseeds and oilseed-based supplements on the CLA and vaccenic acid contents in milk fat were also observed by other researchers (review by Chilliard and Ferlay, 2004) . The index of FA atherogenicity decreased in the milk fat of cows fed the RC and ESB diets, in the former cows a tendency was observed, in the latter cows, the decrease was significant (P<0.05), mainly due to a significant reduction of the palmitic acid content. The oxidative stability of milk fat from cows fed ESB, however, worsened. The oilseed-based supplements also resulted in a lower ratio of oleic and palmitic acid, which would be indicative of a softer, more spreadable butter.
Cows fed the PPF diet consumed significantly less TMR dry matter than cows on the RC and ESB diets. Consequently, in these cows (with the highest milk yield) body weight remained stable, whereas in cows fed RC and ESB, it increased in the course of the trial. The concentration of milk fat was rather low in all cows, probably because of the high consumption of concentrates (9 to 10 kg/d) and negative effect of lipids on digestion of fibre (Szumacher-Strabel et al., 2000) . Concentrations of milk urea were higher than those reported by Hof et al. (1997) , but lower than values reported by Komprda et al. (2000) . A close correlation exists between the rumendegraded protein balance in the ration and the urea concentration in milk (Schepers and Meijer, 1998) . Crude protein of ESB is thus less degradable in the rumen than crude protein in PPF and RC supplemented diets. It can be concluded that feeding oilseed supplements decreased milk yield and milk production efficiency, but significantly improved the nutritional quality of milk fat.
